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Abstract 
The aim of this study was to estimate the oral hygiene 
and gingival condition in patients with fixed prostho-
dontic restorations for a period of 3 months along with 
the oral hygiene instructions. 
The study included 60 patients with fixed prosthetic 
appliances. Medical examinations of dental condition 
were carried out using basic diagnostic tools like den-
tal mirror and periodontal probe. As well, we examine 
how factors, such as: age, gender, type of fixed dental 
prosthesis (single crown or fixed partial denture) and 
material (metal or porcelain fused to metal) are statis-
tically associated with oral hygiene and gingival condi-
tion. Plaque and Gingiva index was taken according to 
the method of Silness and Löe. The examination was 
accomplished on the first dental visit, after 14 days and 
three months appropriately with the oral hygiene in-
structions. Statistical analysis was performed by using 
paired sample t-test from Statistical software SPSS for 
Windows version 23. A p-value < 0.05 was considered 
as statistically significant. 
Our results confirmed that the Plaque and Gingiva in-
dex had higher values in the first visit than that found 
in the other periods. Patients with crowns had better 
oral hygiene levels compared to fixed dental prosthe-
sis wearers. No statistical differences were found for 
type of material. Also, younger patients showed better 
hygiene levels than the older ones. 
Our research showed that adequate education and 
instructions for oral hygiene maintenance lead to im-
proved oral hygiene both in patients with single crown 
or fixed dental prosthesis.
Key words: Fixed dental prosthesis, Gingival index, Oral 
hygiene, Plaque index.
1. Introduction
Prosthetic rehabilitation of the stomatognatic system 
comprise substitution of a certain number of missing 
or harmed teeth in order to regain its lost function. The 
success of the therapy depends on many factors that 
should be considered when planning treatment. When 
we evaluate the success of prosthetic treatment, we 
are talking about the biological and structural durabil-
ity of the restoration [1]. 
The negative effect of dental restorations on the gingi-
va has been a subject of many clinical studies. The most 
common complications from prosthodontic treatment 
are gingival inflammation and periodontal disease [2]. 
The pathological changes in periodontal tissues were 
primarily noticed when the margin of restoration had 
subgingival location [3]. This can be overcome by good 
oral hygiene maintenance. The motivation and ability 
of the patient to maintain good oral hygiene is with big 
importance on the long-term prognosis of the prost-
hodontic appliances and prevention of further compli-
cations [4]. 
Irregular and poor oral hygiene enable creation of a 
biofilm that will cause inflammation of soft tissues [5]. 
It is well known that dental plaque is the main cause of 
inflammatory reactions. By World Health Organization 
(WHO), dental plaque is defined as specific but highly 
variable structural entity resulting from colonization 
of microorganisms on tooth surfaces, restorations and 
other parts of oral cavity and consists of salivary com-
ponents like: mucin, desquamated epithelial cells, de-
bris and microorganisms, all embedded in a gelatinous 
extracellular matrix. Persistent inflammation of the soft 
tissue can cause an immune response followed by bone 
resorption. Maintaining good oral hygiene will lead to a 
significant reduction of the dental plaque  accumulated 
on teeth and prosthodontic appliances [6]. 
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This is particularly important in patients with fixed 
prosthodontic restorations where the physiological 
self-cleaning process is reduced and limited, thus fa-
cilitating plaque accumulation. Places most suscepti-
ble for plaque accumulation are crown margins and 
bridge connectors [1]. Therefore, patients who do not 
maintain good oral hygiene and clean their prostho-
dontic appliances insufficiently are more likely to have 
periodontitis problems [7, 8, and 9]. Hence, it is of great 
importance that the fixed prosthodontic appliance al-
lows a suitable cleaning procedure. 
The most common causes of poor oral hygiene are the 
lack of motivation of the patient, his weak dexterity 
and complicated restoration. If the patient is poorly 
motivated, they should be encouraged and educated 
by their therapist in order to improve their oral hygiene 
[10]. Many studies have confirmed that educating pa-
tients about the importance of oral hygiene leads to 
appropriate improvement of the patient’s level of hy-
giene [11]. In patients with developmental disabilities 
and reduced dexterity, we need to educate their care-
givers about the proper maintenance of oral hygiene 
[10]. If the patient is carrier of complicated restorations, 
additional hygienic techniques will also be required. If 
such treatment is carried out, some authors recom-
mend the inclusion of an electric toothbrush in order 
to clear up difficult and inaccessible areas [5]. 
Many authors who have examined this issue indicate 
a poor level of hygiene habits in patients’ carriers of 
prosthetic appliances [12, 13, and 14]. Other studies 
confirm that frequent and careful cleaning of teeth in 
patients with fixed prosthodontic restorations helps to 
maintain satisfactory oral hygiene [15]. 
Hence, the failure of prosthetic therapy, except that 
it can occur as a result of inadequate planning of the 
treatment itself and due to errors in the technical 
preparation of the restoration, the implementation of 
poor oral hygiene has a great impact. In order to pro-
tect the remaining teeth and to ensure the longevity of 
prosthodontic restoration, maintaining the proper oral 
hygiene in these patients is of great importance. 
The aim of this study was to estimate the oral hygiene 
and gingival condition in patients with fixed prost-
hodontic restorations for a period of 3 months along 
with the oral hygiene instructions. As well, we examine 
how factors, such as: age, gender, type of fixed dental 
prosthesis (single crown or fixed partial denture), and 
material (porcelain fused to metal or acrylic veneered 
to metal) are statistically associated with oral hygiene 
and gingival condition. 
2. Materials and Methods
The investigation was performed on a group of 60 pa-
tients who visited a private dental office in Kumanovo, 
Macedonia and needed a prosthetic rehabilitation. The 
duration of the study was 3 months in the period of 
July 2016 to October 2016. 
Patients with medical history of any acute or chronic dis-
eases, such as: generalized periodontal problems, dia-
betes mellitus, autoimmune diseases, patients on drugs 
which cause hyperplasia of gums, were excluded from 
the research. The same exclusion criteria was as well for 
patients wearers of no correct gingival-adjacent resto-
rations, overhung and unsuitable contour. Only patients 
whose therapy plan had predicted fixed prosthodontic 
restorations were selected. The patients included in the 
study were treated with 31 single crowns (SC) and 37 
fixed partial dentures (FPD). From the total number, 39 
subjects were female and 21 male. The age range was 
between 24 and 64 years. As to the material from which 
they were made, we noticed 43 ceramic-fused-to-metal 
(CFM) and 25 acrylic veneered to metal (AVM). 
All respondents who participated in the study undergo 
on explanation and purpose of the research, as well as 
the possible risks and inconveniences. 
After registration on general information and medical 
history for every patient, they undergo oral hygiene 
status examination. Medical examinations of dental 
condition were carried out using basic diagnostic tools 
like dental mirror and periodontal probe. The examina-
tion was accomplished on the first dental visit, after 14 
days and three months appropriately with the oral hy-
giene instructions. Plaque and Gingiva index were tak-
en according to the method of Silness and Löe [16]. For 
plaque identification four surfaces of the every pres-
ent tooth were measured (mesio-buccal, disto-buccal, 
disto-lingual and mesio-lingual) and corresponding 
scores from 0 to 3 were given. In order to gain the 
plaque index for single tooth, the scores from the four 
surfaces of the tooth were added and divided by four. 
When we doubted between two values, we assigned 
the higher one. 
The criteria for scoring of Plaque index were as follows:
0 - No plaque. 
1 - A film of plaque adhering to the free gingival mar-
gin and adjacent area of the tooth. The plaque can be 
in situ only after the application of disclosing solution 
or by using the probe on the tooth surface. 
2 - Moderate accumulation of soft deposit within gin-
gival pocket or the tooth and gingival margin which 
may be seen by the naked eye. 
3 - Abundance of soft matter within the gingival pock-
et and or on the tooth and gingival margin. 
The criteria for scoring of Gingival index were as fol-
lows:
0 - Normal and healthy gingiva without inflammation, 
discoloration or bleeding. 
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1 - Mild inflammatory with minor insignificant changes 
in color, slight change in gingival texture and without 
bleeding on pressure. 
2 - Moderate inflammation, glazing, erythema, edema 
and hypertrophy, followed by bleeding on pressure. 
3 - Severe inflammation, bigger changes in color, er-
ythema, redness and hypertrophy, bleeding sponta-
neously. 
After the placement of the prosthodontic appliances, 
the patients were informed about their oral hygiene 
status level and educated for proper oral hygiene main-
taining and their effect on the oral health. For a better 
result, the instructions were followed by a demonstra-
tion of models putting particular emphasis on the oral 
sites and pontics. 
Statistical analysis was performed by using paired sam-
ple t-test from Statistical software SPSS for Windows 
version 23. A p-value < 0.05 was considered as statisti-
cally significant. For some categories of variables per-
centages were recorded as typical relative indicators.
3. Results and Discussion 
In this study were included totally 60 patients. Distribu-
tion of the sample by age and sex are given in Table 1. 
From all subjects 18 patients were in the age group from 
24 - 35 years; 31 patient were in the age group from 36 - 
50 years and 11 patients were 51 - 64 years old. 
Out of total 60 subjects, 39 were female and 21 male 
patients. 
Distribution of the sample by material and type of 
prosthodontic appliances are given in Table 2. The pa-
tients included in the study were treated with 31 single 
crowns (SC) and 37 fixed partial dentures (FPD). As to 
the material from which they were made, we noticed 
43 ceramic-fused-to-metal (CFM)  and 25 acrylic ve-
neered to metal (AVM). 
Table. 1 Distribution of the sample by age and sex
Age
Male            Female                Total              
N  % N % N %
24-35 6 33.3% 12 66.7% 18 100%
36-50 10      32.3% 21 67.7% 31 100%
51-64 5       45.5% 6 54.5% 11 100%
Total 21 39 60
Table 2. Distribution of the sample by material and type of prosthodontic appliances
Material
SC FPD Total
N  % N % N %
CFM 22 51.2% 21 48.8 % 43 100%
AVM 9 36   % 14 64   % 25 100%
Total 31 37 68
Legend: SC - Single crowns; FPD - Fixed partial dentures; CFM - Ceramic-fused-to-metal; AVM - Acrylic veneered to metal. 
Mean values of Plaque index (PI) and Gingival index 
(GI) depending on type and material of prosthodontic 
appliances are given in Table 3. Paired sample t-test for 
plaque and gingival index is given in Table 4. A p-value 
< 0.05 was considered as statistically significant. 
After the hygienic instructions, the values of both in-
dexes were reduced on the 14th day. At the next re-
examination after 3 months, the values were mostly 
lower than initially, some of them were like in the be-
ginning and only a small number of patients recorded 
worse values than the initial ones. 
The difference of plaque index between first visit and 
14 days after placement of single crown made by ce-
ramic-fused-to-metal was statistically significant (p = 
0.0212). Paired sample t-test for plaque index between 
14th day and 3 months just like between 1st visit and 
3 months were not significantly different (p = 0.3736; 
p = 0.1332). 
Paired sample t-test for plaque index on single crown 
made by acrylic veneered to metal made by compar-
ison on the mean values on the three check points 
show no statistically significant difference (p = 0.2234; 
p =  0.3405; p = 0.2971). 
Statistically significant difference was noticed between 
the values for plaque index of fixed partial dentures 
made by ceramic-fused-to-metal using paired sample 
t-test after 14 days (p = 0.0038). Paired sample t-test 
after 3 months follow up for this kind of prosthodontic 
appliances were not significantly different (p = 0.3575; 
p = 0.0930). We gain similar results for fixed partial 
dentures made by acrylic veneered to metal and there 
were not statistically significant differences between 
the first visit, after 14 days and 3 months consequently 
(p = 0.0824; p = 0.2914; p = 0.2914). 
The results we gain from the clinical examination of 
gingival index are given in Table 3 and Table 4. Paired 
sample t-test for gingival index of single crown made by 
ceramic-fused-to-metal were not statistically  different 
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Table 3. Mean values of Plaque index/Gingival index and type/material of prosthodontic appliances
Type/Material
Plaque index (PI);
Gingival index (GI)
Plaque index/Gingival index 
Mean values
1 visit 14 days 3 months
SC CFM
PI 0.8636 0.6818 0.7272
StDev 0,7743 0,6463 0,7025
StError 0,1650 0,1377 0,1497
GI 0.3636 0.2727 0.3181
StDev 0,5810 0,4558 0,4767
StError 0,1238 0,0971 0,1016
SC AVM
PI 0.7777 0.5555 0.6666
StDev 0,8333 0,7264 0,5
StError 0,2777 0,2421 0,1666
GI 0.5555 0.3333 0.5555
StDev 0,7264 0,5 0,7264
StError 0,2421 0,1666 0,2421
FPD CFM
PI 0.9523 0.5714 0.7619
StDev 0,6690 0,6761 0,4364
StError 0,1459 0,1475 0,0952
GI 0.3333 0.2857 0.2857
StDev 0,4830 0,4629 0,4629
StError 0,1054 0,1010 0,1010
FPD AVM
PI 0.8571 0.7142 0.7857
StDev 0,7703 0,6112 0,6992
StError 0,2058 0,1633 0,1868
GI 0,5 0,2857 0,4285
StDev 0,7595 0,4688 0,5135
StError 0,2029 0,1252 0,1372
Legend: SC - Single crowns; FPD - Fixed partial dentures; CFM - Ceramic-fused-to-metal; AVM - Acrylic veneered to metal. 
Table 4. Paired sample t-test; p<0.05 significant; p > 0.05 not significant 
P value
1 day/14 day 14 day/3 months 1 day/3 months
SC CFM PI 0.0212 0.3736 0.1332
GI 0.2698 0.3736 0.3573
SC AVM PI 0.2234 0.3405 0.2971
GI 0.1732 0.2234 0.5
FPD CFM PI 0.0038 0.3575 0.0930
GI 0.2881 0.5 0.3328
FPD AVM PI 0.0824 0.2914 0.2914
GI 0.0411 0.1677 0.3356
Legend: SC - Single crowns; FPD - Fixed partial dentures; CFM - Ceramic-fused-to-metal; AVM - Acrylic veneered to metal. 
(p = 0.2698; p = 0.3736; p = 0.3573). We received similar 
results when the single crown was made by acrylic ve-
neered to metal and the differences were not statistical-
ly significant (p = 0.1732; p = 0.2234; p = 0.5). 
Paired sample t-test for gingival index between the first 
visit, after 14 days and 3 months follow up on fixed par-
tial dentures made by ceramic-fused-to-metal showed 
that there is no significant association (p = 0.2881; 
p = 0.5; p = 0.3328). 
The difference of gingival index between first visit 
and after 14 days on fixed partial dentures made by 
acrylic veneered to metal were statistically significant 
(p = 0.0411). No significant association was found for 
fixed partial dentures made by acrylic veneered to 
metal between first visit and after 3 months and 14 
days and 3 months follow up (p = 0.1677; p = 0.3356). 
The oral hygiene and condition of periodontal tissue 
of abutments has an important role in the long-term 
survival of crowns and bridges in the mouth. The influ-
ence and impact of oral hygiene in patients with pros-
thetic restoration presented in this study shows the im-
portance of patient’s dental education. Many authors 
advocate written and oral instructions for method and 
importance of oral hygiene in patients  undergoing 
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prosthetic treatment. They emphasize that this is of 
great importance for the successful treatment and lon-
gevity of prosthetic construction [17, 18]. 
There are opposing results on this topic in the litera-
ture. Some studies have suggested that in carriers of 
prosthetic appliances with inadequate oral hygiene 
was registered increased plaque accumulation which 
has a negative impact on the periodontal tissue [19, 
20]. Tejchman et al., in their study concluded that the 
patients using the prostheses with precise elements 
require individual hygiene instruction [17]. Accord-
ing to some other studies, no statistically significant 
difference in plaque and gingival index was found in 
patients with this type of prosthetic restorations [21]. 
In this study, the values of plaque and gingival index in 
patients with prosthetic appliances were higher at the 
first visit than after 14 days and 3 months respectively. 
In most patients,the score of plaque and gingival index 
during control examinations were 0 and 1, suggesting 
that they maintained a good level of oral hygiene. It 
confirmed that a good education and giving appro-
priate instructions for proper maintenance of oral hy-
giene among this type of patients has a major impact 
on the plaque accumulation [22]. 
In our study, patients were informed about their oral 
hygiene status level and educated for proper oral hy-
giene maintaining and their effect on the oral health, 
after the placement of the prosthodontic appliances. 
The instructions included a demonstration on models 
with especially paid attention on high risk spots. Rein-
structions and reexaminations were done after 14 days 
and 3 months. 
We recorded a decrease in values for plaque and gingi-
val index on the first control after 14 days. At the next 
reexamination after 3 months, the values were lower 
than initially, some of them were like in the beginning 
and only a small number of patients recorded worse 
values than the initial ones. 
This points to the fact that patients had greater moti-
vation for maintaining and improving oral hygiene at 
the start of the examination. Based on our investiga-
tions we can conclude that the motivation was higher 
at the beginning, therefore the values  of plaque index 
in both single crowns and fixed partial dentures made 
by ceramic-fused-to-metal, after 14 days were statisti-
cally significant (p = 0.0212; p = 0.0038). Some authors 
suggest that the accumulation of plaque is greater in 
fixed partial dentures compared to single crowns [23]. 
The reason is the difficult access of dental brushes in 
certain places in bridge structures and that they re-
quire more motivation and time for adequate removal 
of the plaque. Our examination coincides with these 
results. Even though we had a statistically significant 
improvement in single crowns, it was much higher in 
fixed partial dentures. 
As far as prosthodontic restorations made by acrylic ve-
neered to metal the improvement was not statistically 
significant. There was also no statistical significance in 
the re-examination after 3 months in any prosthetic 
restoration. 
In relation to the gingival index, statistically significant 
improvement is also registered after 14 days but only 
in the fixed partial dentures made by acrylic veneered 
to metal (p = 0.0411). 
As regards age, the values of plaque and gingival in-
dexes were better in younger patients, although this 
was not statistically significant. We also found lower 
values in females. We believe that this is due to the 
higher motivation of younger patients and their better 
general health condition. 
As an important factor for improving oral hygiene, it 
can be assumed that adequate education and the 
additional use of interdental brushes is appropriate. 
Results obtained from other studies indicate that the 
daily use of interdental brushes has greater efficacy in 
plaque removal [20], especially from the proximal sur-
faces of the tooth comparing when using only brushes 
in combination with a dental floss [24]. From here it is 
seen the great influence of the therapist in educating 
patients on a healthy lifestyle because most of the peo-
ple consider the medics as the most reliable source of 
information [25]. 
Prosthetic appliances without correct gingival-adja-
cent and over contoured morphology have a big in-
fluence that contributes to poor maintenance of oral 
hygiene [26], and consequently connected with in-
flammation of periodontal tissue [27]. Therefore, in or-
der to standardize the samples in our study, they were 
excluded from the examination and so have no effect 
on the finally result. 
Other studies have confirmed that insufficient oral 
hygiene is an important factor for the occurrence and 
development of inflammatory changes of the gingi-
val tissue under prosthetic restoration [28]. However, 
the period of our research, as well as the number of 
respondents, was not sufficient to bring credible con-
clusions. According to many studies, the time of use 
of crowns and fixed partial dentures has a significant 
effect on the maintenance of oral hygiene and the cor-
responding response to oral mucosa [29, and 30]. 
Prosthetic appliances can be made of different mate-
rials. In our examination two types were used, as fol-
lows: porcelain-fused-to-metal and acrylic veneered to 
metal. In this study we obtained statistically better re-
sults in the plaque index for porcelain-fused-to-metal 
restorations, but they were registered only on the first 
reexamination. After 3 months, the difference was not 
statistically significant. 
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As regards the gingival index, statistically significant 
differences occurred only in fixed partial dentures 
made of acrylic veneered to metal on the reexamina-
tion after 14 days. All other parameters did not show 
statistical significance. 
According some authors [31, 32], the material has little 
effect on the plaque accumulation and gingival reac-
tion. Our examination is consistent with this, because 
there is no continuity in statistical significance. Howev-
er, we should take into consideration that the period of 
our examination was too short to make reliable conclu-
sions. It should be noted that there are studies report-
ing that the level of plaque accumulation and the state 
of the gingival mucosa differ between various mate-
rials [33, 34]. However, the time of use of prosthetic 
restoration significantly influenced on the level of oral 
hygiene [30]. Therefore our next studies should include 
a larger number of subjects as statistical analysis would 
provide more reliable results and, of course, the length 
of the research should be at least five years as a critical 
period for this type of prosthodontic  appliances. 
4. Conclusions 
- Although many studies confirm that prosthetic res-
torations have a negative effect on oral health, our re-
search showed that adequate education and instruc-
tions for oral hygiene maintenance lead to improved 
oral hygiene both in patients with single crown or fixed 
dental prosthesis. 
- Considering the type of the material used for prost-
hodontic appliances, both porcelain-fused-to-metal 
and acrylic veneered to metal showed no statistically 
significant difference. 
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